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doi:10.1Objective: Several studies have shown low fat-free mass index to be a stronger predictor for mortality than low
body mass index. The main aim of this study was to assess the still unknown association between preoperative
low fat-free mass index and adverse cardiac surgical outcomes.
Methods: In a prospective observational study, fat-free mass index was determined by bioelectric impedance
spectroscopy on hospital admission. Associations between low fat-free mass index and postoperative infections
and mortality, as well as prolonged intensive care unit and hospital stays, were analyzed with logistic and Cox
regression techniques.
Results: Between February 2008 and December 2009, 325 adult patients admitted for elective heart surgery
were included. Analyses showed that low fat-free mass index, present in 8.3% of patients, was independently
associated with occurrence of infections after cardiac surgery (18.5% vs 4.7%; adjusted odds ratio, 6.9; 95%
confidence interval, 1.8–27.7; P¼ .01). Low fat-free mass index also tended to be associated with higher risk of
longer postoperative intensive care unit stay (adjusted hazard ratio, 0.7; 95% confidence interval, 0.4–1.1;
P ¼ .09). When classifying patients as undernourished by traditional methods (body mass index 21.0
kg/m2 or10% weight loss in preceding 6 months), half of patients with low fat-free mass index were misclas-
sified as well nourished.
Conclusions: Low fat-free mass index is associated with increased occurrence of adverse outcomes after cardiac
surgery. We advocate fat-free mass index as the leading parameter in classifying and treating undernourished
cardiac surgical patients, which might improve recovery rates after cardiac surgery. (J Thorac Cardiovasc
Surg 2011;142:1263-9)Disease-related undernutrition is associated with higher
postoperative risks of infectious and noninfectious compli-
cations, increased morbidity and mortality, and prolonged
hospital stay; it can also lead to impaired wound healing.1,2
In The Netherlands, undernutrition is present in about 25%
to 40% of hospital inpatients and in 10% to 20% of the
preoperative outpatient population.3,4
In cardiac surgery, 10% to 25% of patients are under-
nourished before the operation.2,5 Cardiac surgical patients
with a low preoperative body mass index (BMI) or
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Mcomplications, infections, and mortality than are obese or
even severely obese patients.2,5,6 Although BMI and
weight loss help to identify the undernourished patients,
most probably because BMI and weight loss are related to
fat-free mass index (FFMI),7 they do not give exact informa-
tion on body composition.
Body mass consists of metabolically active fat-free mass
and inactive fat mass. In studies in a mixed hospital popula-
tion and on major vascular surgery, a low FFMI has been
shown to be associated with a longer hospital stay and an in-
creased occurrence of the systemic inflammatory response
syndrome, respectively.8,9 It has been demonstrated in
patients with chronic obstructive pulmonary disease that
a low FFMI is a stronger predictor for mortality than is
a low BMI.10 Patients with a normal BMI may still have un-
dernutrition because of a low fat-free mass. Thus if only
BMI and weight loss are used to identify undernourished
patients, some cardiac surgical patients with a low FFMI
might be misclassified as well nourished. It is evident that
these misclassifications could lead to inappropriate nutri-
tional treatment and possible postoperative complications.
Both overfeeding of the well-nourished patient and un-
treated undernutrition result in more complications after
cardiac surgery.5,11diovascular Surgery c Volume 142, Number 5 1263
Abbreviations and Acronyms
BMI ¼ body mass index
CI ¼ confidence interval
FFMI ¼ fat-free mass index
ICU ¼ intensive care unit
OR ¼ odds ratio
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MIn contrast to BMI and weight loss, the association be-
tween a low preoperative FFMI and the occurrence of post-
operative infections has not yet been established, either in
cardiac surgical patients or, to the best of our knowledge,
in other surgical populations. The main aim of this study
was therefore to assess the association between a low preop-
erative FFMI and the occurrence of infections and mortality
as well as the durations of intensive care unit (ICU) and hos-
pital stays after cardiac surgery. Secondarily, the additional
value of measuring low FFMI in addition to the most com-
monly used parameters to identify undernourished pa-
tients—lowBMI and unintendedweight loss—was assessed.MATERIALS AND METHODS
Subjects and Design
Between February 2008 and December 2009, a prospective cohort study
was conducted. Consecutive patients admitted to the cardiothoracic surgi-
cal ward at the Academic Medical Center for elective heart surgery
(coronary artery bypass grafting, heart valve surgery, or both) with extra-
corporeal circulation were asked to participate. Those patients who were
not willing or able to give written, informed consent, who had a pacemaker
or a congenital heart abnormality, or who had undergone heart surgery
within the preceding 3 months were excluded. This study was approved
by the medical ethical committee of the Academic Medical Center, Am-
sterdam, The Netherlands.
Body Composition
On the day of admission to the cardiothoracic surgical ward, preopera-
tive patient baseline measurements were taken. Data were collected on
height, weight, and body composition while patients were barefoot and
in underwear. Body height was measured to the nearest 0.5 cmwith a stadi-
ometer (Seca Deutschland, Hamburg, Germany). Current body weight was
measured with an electronic beam scale with digital readout to the nearest
0.1 kg (Inventum Scala PW200; Inventum Group BV, Veenendaal, The
Netherlands). Patients were asked for their weights at 1 and 6 months be-
fore admission. Body composition, (fat-free mass) was determined by bio-
electric impedance spectroscopy (BIS; BodyScout; Fresenius Kabi AG,
Bad Homburg, Germany). BIS measurements were done while the patients
were lying supine with legs apart and arms abducted. BIS measurements
were performed only once on a given patient. BIS measurements are highly
reproducible and operator independent.12 Measurement was performed on
the right side of the body with 4 electrodes (3M Red Dot; 3M Medica
GmbH, Borken, Germany); 2 electrodes were placed on the dorsum of
the hand and 2 on the dorsum of the foot. A 5- to 1000-kHz electric current
was briefly introduced into the body, and tissue conductivity was measured.
Multiple frequencies enabled measurement of both intracellular fluid and
extracellular fluid separately. Subsequently, fat-free mass was calculated.13
To adjust for differences in body height, FFMI was calculated by dividing
fat-free mass in kilograms by squared height in square meters.1264 The Journal of Thoracic and Cardiovascular SurUndernutrition
Patients were classified as undernourished in terms of a low FFMI ac-
cording to the cutoff points suggested by the research of Kyle and col-
leagues14 (FFMI 14.6 kg/m2 in women and 16.7 kg/m2 in men). This
healthy population study (n ¼ 5635) shows FFMI values of 16.7 to 19.8
kg/m2 for men and 14.6 to 16.8 kg/m2 for women within normal BMI
ranges (18.5–25 kg/m2).14 Patients undergoing cardiac surgery were clas-
sified as undernourished according to BMI if BMI was not more than
21.0 kg/m2 and according to unintended weight loss if weight loss had
been at least 10% in the preceding 6 months.5
Patient Characteristics
Patient characteristics such as age, sex, operative procedure, operative
risk, inflammatory activity, hypoalbuminemia, heart failure, and operative
timewere extracted frommedical files and the standard electronic database
of the cardiothoracic surgery department.
For statistical analysis, age was modeled as both a continuous variable
and a dichotomized variable of at least 65 years versus less than 65 years.
The operative procedure was dichotomized as isolated coronary artery by-
pass grafting versus isolated heart valve surgery or both. Operative risk
was dichotomized as a EuroSCORE value of at least 6 (high operation
risk) versus a score less than 6 (low risk). Inflammatory activity was di-
chotomized as C-reactive protein of at least 5 mg/L versus less than 5
mg/L, hypoalbuminemia as less than or equal to 39 g/L versus more
than 39 g/L, and heart failure as prohormone brain natriuretic peptide
of at least 600 ng/L versus less than 600 ng/L. Operative time was divided
into cardiopulmonary bypass time and aortic crossclamp time and dichot-
omized as at least 130 minutes versus less than 130 minutes for cardiopul-
monary bypass time and at least 90 minutes versus less than 90 minutes
for aortic crossclamp time.
Postoperative Adverse Outcomes
Data about postoperative complications were also collected from med-
ical files and from the standard electronic database of the cardiothoracic
surgery department at the Academic Medical Center. The postoperative
adverse outcomes were the occurrence of postoperative infections and
death as well as durations of ICU and hospital stays, all during the period
of hospitalization for surgery. Additionally, these outcome data were com-
pleted with data covering the complete hospitalization period directly af-
ter transfer from the hospital where surgery was carried out back to the
referring hospital. Postoperative infection was defined as the composite
of septicemia, respiratory tract infection, mediastinitis, deep sternal
wound infection, and leg wound infection. These infectious complications
were in accordance with the definitions of The Society of Thoracic Sur-
geons (version 2.61, 2007; http://www.sts.org). To assess the associations
between a low FFMI and ICU and hospital stays, these outcome data were
modeled as continuous variables, with ICU stay in hours and hospital stay
in days. Postoperative death was defined as death during hospital
admission.
Statistical Analyses
To estimate the effect size of the association between a low preopera-
tive FFMI and the occurrence of postoperative infections, first univariate
logistic regression analysis was carried out. The odds ratio (OR) and 95%
confidence interval (95% CI) were calculated, with postoperative adverse
outcome as a dependent variable and low FFMI as an independent vari-
able. Second, if a P value of .10 or less than .10 for low FFMI in the uni-
variate logistic regression analysis was present, multivariate regression
analysis adjusting for sex, age, operative procedure, operative risk, heart
failure, inflammatory activity, hypoalbuminemia, and operative time was
performed. A similar procedure was conducted to assess the association
between a low preoperative FFMI and mortality. To include time-related
information concerning durations of ICU and hospital stays, thesegery c November 2011
TABLE 1. Preoperative baseline characteristics of the study cohort
(n ¼ 325)
Female sex (no.,%) 90 (27.7)
Age (y)
Mean  SD 66.2  9.8
65 (no.) 186 (57.2)
BMI (kg/m2)
Mean  SD 27.2  4.1
30.0 (no.,%) 63 (19.4)
Left ventricular ejection fraction<30% (no.,%) 8 (2.5)
Diabetes mellitus (no.,%) 70 (21.7)
Chronic obstructive pulmonary disease (no.,%) 24 (7.6)
Smoking (no.,%) 62 (19.1)
Pulmonary hypertension (no.,%) 7 (2.2)
van Venrooij et al Perioperative Managementdependent outcome variables were analyzed with univariate and multivar-
iate Cox regression analyses adjusting for sex, age, operative procedure,
operative risk, heart failure, inflammatory activity, hypoalbuminemia,
and operative time. Discharge at any point during the admission period
was coded as an event, and death or unavailability for follow-up was
coded as censored data. The proportional hazard assumptions of Cox re-
gression analysis were met. Hazard ratios and their 95% CIs were calcu-
lated. Finally, to determine the independent value of a low FFMI in
addition to the traditional way of identifying the undernourished (BMI
21.0 kg/m2 or 10% weight loss in the preceding 6 months), we also
entered low BMI and weight loss into the previously mentioned multivar-
iate logistic and Cox regression models. To demonstrate the additional
value of classifying patients as being undernourished with a low FFMI in-
stead of low BMI or recent weight loss, crosstabs were presented. All sta-
tistical analyses were done with SPSS statistical software for Windows
(version 16.0; IBM Corporation, Armonk, NY).
Recent myocardial infarction (no.,%) 28 (8.6)
Extracardiac arteriopathy (no.,%) 24 (7.4)
EuroSCORE
0–2 (low risk; no.,%) 89 (27.4)
3–5 (medium risk; no.,%) 109 (33.5)
6 (high risk; no.,%) 127 (39.1)
Laboratory values
Serum creatinine 200 mmol/L (no.,%) 2 (0.6)
Prohormone brain natriuretic peptide (marker for
heart failure) 600 ng/L (no.,%)
107 (32.9)*
C-reactive protein 5 mg/L (no.,%) 53 (16.3)
Albumin 39 g/L (no.,%) 12 (3.7)y
Operative procedure
Coronary artery bypass grafting (no.,%) 168 (51.7)
Heart valve surgery (no.,%) 105 (32.3)
Both (no.,%) 52 (16.0)
Duration of extracorporeal circulation
Cardiopulmonary bypass time 130 min (no.,%) 106 (32.6)
Aortic crossclamp time 95 min (no.,%) 96 (29.5)
*Values were missing for 17 patients. yValue was missing for 1 patient.RESULTS
Subjects
Between February 2008 and December 2009, a total of
770 patients undergoing cardiac surgery were eligible for
inclusion. Between June and October 2008, inclusion was
interrupted for logistic reasons (n ¼ 162). In addition, 174
patients could not be asked to join because of logistic inter-
ferencewith the usual preoperativemedical assessment pro-
tocol. Two patients were excluded because they had no
command of the Dutch language, and in 3 cases no body
weight and height measurements could taken, because the
patients were confined to bed. In 33 cases, no BIS (FFMI)
measurements could be performed because of the presence
of a pacemaker.
A total of 396 patients were asked to participate. Of these
patients, 17.9% (n ¼ 71) refused to participate. These pa-
tients had a higher operative risk and were older than those
patients who gave informed consent (P<.005 and P ¼ .01,
respectively). The remaining data from 325 patients were
analyzed. Their preoperative baseline characteristics are
summarized in Table 1.Preoperative Undernutrition and Low FFMI
Preoperatively, 13.0% of cardiac surgical patients
(n ¼ 42) were undernourished: 8.3% (n ¼ 27) had a low
FFMI, 4.0% had a BMI of 21.0 kg/m2 or less, and 5.3%
had at least 10% weight loss in the preceding 6 months.
A low FFMI was largely present in women (16.7% vs
5.1%), elderly patients (11.3% vs 4.3%), patients at high
operative risk patients (15.0% vs 4.0%), patients undergo-
ing heart valve surgery (11.5% vs 5.4%), and patients
with severe heart failure (15.0% vs 5.0%; P  .05). No as-
sociations were found with inflammatory activity or
hypoalbuminemia.P
MLow FFMI and Postoperative Adverse Outcomes
Postoperative infections occurred in 19 patients (5.8%),
and eight patients (2.5%) died during admission to the
operating hospital (Table 2). Most of the infectionsThe Journal of Thoracic and Car(17/19) were of the respiratory tract. The cumulative inci-
dence of postoperative infection or death was 7.7%
(n ¼ 25).
Univariate analysis showed that a low preoperative FFMI
was associated with the occurrence of postoperative infec-
tions (18.5% vs 4.7%; OR, 4.5; 95% CI, 1.5–13.8;
P ¼ .01; Tables 2 and 3). After multivariate logistic
regression analysis adjusting for operative risk, heart
failure, and other prognostic factors, the association
between a low preoperative FFMI and the occurrence of
infections after cardiac surgery persisted (adjusted OR,
6.9; 95% CI, 1.8–27.2; P ¼ .01; Table 3). Also, during the
entire hospitalization period, logistic regression analyses
showed that a low preoperative FFMIwas independently as-
sociated with an increased occurrence of infections (31.8%
vs 10.6%; adjusted OR, 3.8; 95% CI, 1.3–11.6; P ¼ .02;
Tables 2 and 3). With respect to mortality, univariate
analysis showed that a preoperatively low FFMI was
associated with the occurrence of postoperative death
during hospital admission but only for the entire
hospitalization period (13.6% vs 2.3%; OR, 6.6; 95%diovascular Surgery c Volume 142, Number 5 1265
TABLE 2. The occurrence of postoperative infections and death after cardiac surgery among patients with and without a low preoperative fat-free
mass index
All (no.,%) Low FFMI (%) No low FFMI (%) P value
Postoperative outcome during initial hospital admission in which surgery was carried out
Mortality* 8 (2.5) 7.4 2.0 .14
Infection 19 (5.8) 18.5 4.7 .01
Septicemia 1 (0.3) 0 0.3 —
Respiratory tract infection 17 (5.2) 18.5 4.0 .01
Mediastinitis 0 (0) — — —
Deep sternal wound infection 0 (0) — — —
Leg wound infection 1 (0.3) 0 0.3 —
Postoperative outcome data completed with data covering complete hospitalization period directly after transfer from hospital where surgery was carried out
back to referring hospital
Mortalityy 9 (3.2) 13.6 2.3 .03
Infection 35 (12.3) 31.8 10.6 .01
Septicemia 1 (0.4) 0 0.4 —
Respiratory tract infection 24 (8.4) 27.3 6.8 .01
Mediastinitis 4 (1.4) 4.5 1.1 .28
Deep sternal wound infection 1 (0.4) 0 0.4 —
Leg wound infection 5 (1.8) 0 1.9 —
Low fat-free mass index considered to be 14.6 kg/m2 in women and 16.7 kg/m2 in men (8.3%, n ¼ 27). FFMI, Fat-free mass index. *All 8 patients who died in initial hos-
pitalization died within 30 days from surgery (range, 0–25 days). yAdditional patient died 43 days after surgery.
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MCI, 1.5–28.8; Tables 2 and 3). Mortality was not further
analyzed because of its low prevalence (3.2%, n ¼ 9).
With respect to durations of hospital and ICU stays, a low
FFMI tended to be associated with a higher risk of a longer
postoperative stay in the ICU (adjusted hazard ratio, 0.7;
95% CI, 0.4–1.1; P ¼ .09; Table 3 and Figure 1). No pa-
tients were readmitted to the ICU during the hospitalization
period after transfer back to the referring hospital. Univari-
ate analysis showed associations between low FFMI and
hospital stay during admission at the operating hospital
and during the entire hospital admission; however, these as-
sociations could be completely explained by adjusting for
the factors of sex, age, operative procedure, operative
risk, heart failure, inflammatory activity, hypoalbuminemia,
and operative time (Table 3).TABLE 3. Univariate and multivariate regression analyses of low preope
intensive care unit stay, and prolonged hospital stay after cardiac surgery
OR/HR 95%
Logistic regression analysis (OR)
Infection [AMC] (5.8%, n ¼ 19) 4.52 1.49
Infection [OVERALL] (12.3%, n ¼ 35) 3.91 1.46
Mortality [OVERALL] (3.2%, n ¼ 9) 6.64 1.53–
Cox regression analysis (HR)
Discharge from ICU [AMC] (median ICU stay, 30 h;
10th90th percentile, 21–112 h)
0.56 0.36–
Discharge from hospital [AMC] (median hospital
stay, 5 d; 10th90th percentile, 4–12 d)
0.65 0.43–
Discharge from hospital [OVERALL] (median
hospital stay, 10 d; 10th90th percentile, 7–18 d)
0.60 0.37–
Low fat-free mass index considered to be14.6 kg/m2 in women,16.7 kg/m2 in men (8.3%
Medical Center, postoperative outcome during hospital admission in which surgery was ca
plete hospitalization period directly following transfer from hospital where surgery was c
adjusted for sex, age, operative procedure, operative risk, heart failure, inflammatory activ
1266 The Journal of Thoracic and Cardiovascular SurIn 40 cases (12.3%), data covering the entire hospitaliza-
tion period were missing. Sex, age, operative procedure,
risk, and FFMI did not differ between patients included
and those unavailable for follow up.
Low FFMI in Relation to the Traditional Means of
Identifying Undernutrition
After multivariate modeling including undernutrition de-
fined by both low BMI and unintended weight loss and the
other prognostic factors, a preoperatively low FFMI was
still independently associated with the occurrence of post-
operative infections during hospital stay at the operating
hospital and during total hospital stay including admission
to the referring hospital (adjusted OR, 7.5; 95% CI, 1.6–
34.8; P ¼ .01; and adjusted OR, 5.0; 95% CI, 1.4–18.1;rative fat-free mass index and the occurrence of infections, prolonged
CI P value Adjusted OR/HR* 95% CI P value
13.78 .01 6.89 1.75–27.17 .01
10.51 .01 3.83 1.27–11.6 .02
28.77 .01 — — —
0.86 .01 0.67 0.42–1.07 .09
0.99 .05 0.81 0.52–1.27 .36
0.97 .04 0.88 0.53–1.47 .36
, n¼ 27).OR,Odds ratio;HR, hazard ratio;CI, confidence interval; AMC,Academic
rried out; OVERALL, postoperative outcome data completed with data covering com-
arried out back to referring hospital; ICU, intensive care unit. *Multivariate models
ity, hypoalbuminemia and operative time.
gery c November 2011
FIGURE 1. Postoperative admission rates to the intensive care unit (ICU)
among patients undergoing cardiac surgery with low fat-free mass index
(green line) and without low fat-free mass index (blue dotted line). Low
fat-free mass index was determined according to the definition of Kyle
and colleagues.14
TABLE 4. Agreement between low fat-free mass index and low body
mass index and weight loss to identify undernourished patients
Low FFMI
Undernourished by current guidelines
TotalYes No
Yes 14 13 27
No 15 280 295
Total 29 293 322
Current guidelines for undernourishment considered to be body mass index 21.0
kg/m2 or weight loss 10% in 6 months. Low fat-free mass index considered to be
14.6 kg/m2 in women and 16.7 kg/m2 in men (8.3%, n ¼ 27). FFMI, Fat-free
mass index.
van Venrooij et al Perioperative ManagementP ¼ .02, respectively). Also, independent of low BMI and
unintended weight loss, a low preoperative FFMI still had
a tendency to be associated with a higher risk of a longer
postoperative stay in the ICU (adjusted hazard ratio, 0.6;
95% CI, 0.4–1.0; P ¼ .06).
When classifying undernutrition according to low FFMI
instead of low BMI and weight loss, it was demonstrated
that half of the patients with a low FFMI (13/27) were mis-
classified as well nourished if low BMI and weight loss
alone were used to identify undernutrition (Table 4). The
other way around, 15 of 29 patients classified as undernour-
ished according to low BMI and weight loss did not have
low FFMI. In 3 cases, no data were available on body
weight 6 months before the hospital admission. None of
these patients had a low FFMI.P
MDISCUSSION
To the best of our knowledge, this study is the first to
demonstrate that undernutrition in terms of a low preopera-
tive FFMI is, independent of other prognostic risk factors,
associated with a higher risk of development of an infection
after cardiac surgery. Patients with a low FFMI also tended
to have a higher risk of a longer postoperative stay in the
ICU. A low FFMI was seen in 8.3% of patients undergoing
cardiac surgery. If low BMI and weight loss only were used
to identify cardiac surgical patients who were undernour-
ished preoperatively, half of patients with a low FFMI
were misclassified as well nourished.
The association that we found between a low FFMI and
the occurrence of adverse outcome in general is consistent
with studies in other areas of medicine.8-10 A plausible
explanation is that a low FFMI represents insufficient
nutritional reserve. This implies decreased lean body
mass, in other words, less metabolically active body cellThe Journal of Thoracic and Carmass. Less metabolically active cell mass results in
a longer convalescence period after surgery, because
patients do not have an adequate response to operative
stress and are unable to handle complications well.15,16 A
low FFMI could be expected to be associated with all
kinds of infections.2,9 The fact that in this study a low
FFMI was associated with the occurrence of respiratory
tract infections and not wound infections can be explained
by the low incidence of wound infections and, more
importantly, by the fact that obesity, which is less often
accompanied by a low FFMI, is a well-established signifi-
cant risk factor for the occurrence of wound infections after
cardiac surgery.17 Also, after adjustment for chronic ob-
structive pulmonary disease and smoking, which are possi-
ble confounders specifically for the association with
respiratory tract infections, the association between a low
FFMI and infections persisted. Future intervention studies
assessing FFMI and outcome must further probe the degree
of causality between low FFMI and postoperative
infections.
In addition to other studies, our study demonstrated that
FFMI provides information to assist in making a prognosis
beyond that provided by BMI and weight loss before sur-
gery.7,8,10 Most likely, fat mass reduces the sensitivity of
low BMI and weight loss in detecting nutritional
depletion.7 In cardiac surgical patients in particular, who
are often overweight or obese, the sensitivity of BMI in de-
tecting undernutrition is expected to be inadequate. In line
with this, our study results showed that half of our cardiac
surgical patients with a low FFMI were misclassified as
well nourished if only classified by low BMI and weight
loss. In clinical practice, this implies that before cardiac sur-
gery half of the patients with insufficient nutritional reserve
are currently not receiving the nutritional intervention nec-
essary to optimize their postoperative recovery. It was also
observed that half of patients classified as undernourished
on the basis of low BMI and weight loss alone did not
have a low FFMI. This is not a consequence of inaccurate
BIS measurements. Rather, it is because FFMI at a given
time does not account for relevant losses of fat-free mass
in the preceding months. Except for 1 patient, all patients
who were classified as undernourished but did not havediovascular Surgery c Volume 142, Number 5 1267
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Mlow FFMI had lost 10% or more body weight in the preced-
ing 6 months. For effective identification and thereby treat-
ment of preoperatively undernourished cardiac surgical
patients, we therefore advocate the measurement of FFMI
in addition to the traditional detection of undernutrition
on the basis of recent weight loss and BMI.
It could be hypothesized that higher cutoff points for
a low FFMI in cardiac surgery patients are needed, because
overweight and obese individuals may have an apparently
normal absolute quantity of fat-free mass, yet this fat-free
mass might still be inadequate for their size.18 We therefore
also analyzed the lower 5th, 15th, and 25th percentiles of
FFMI derived from this cardiac surgical population sample.
It was shown that the lower 15th percentile, FFMI less than
or equal to 14.4 kg/m2 in women (n ¼ 13) and less than or
equal to 17.8 kg/m2 in men (n¼ 34), was independently as-
sociated with a higher risk of a longer postoperative stay in
the ICU (adjusted hazard ratio, 0.7; 95% CI, 0.5–1.0;
P ¼ .03). Continued research to validate cardiac surgery–
specific cutoff points for a low FFMI is recommended.
The finding that undernourished cardiac surgical patients
only very exceptionally look thin or correspond with gen-
eral definitions of undernutrition underlines the absolute ne-
cessity of measuring body composition in cardiac surgical
patients. To reduce the resulting extra workload and costs,
it would be of value to develop a quick and easy cardiac sur-
gery–specific nutritional screening tool that would easily
identify those patients at higher risk of having a low
FFMI. This study observed that a low FFMI was largely
present in women, elderly patients, patients at high opera-
tive risk, patients undergoing heart valve surgery, and pa-
tients with severe heart failure.
Our study has some limitations. The total number of
events was relatively low, and it cannot be excluded that re-
sults are context specific. We therefore invite other re-
searchers to reproduce our study and test our preliminary
findings. Furthermore, although it is reasonable to assume
that BIS accurately measured fat-free mass, it should be re-
alized that BIS is sensitive to hydration abnormalities.13
Analyzing our data, it was observed that decompensatio
cordis was present in 8%. This may have resulted in
some bias and overestimation of the metabolically active
part of fat-free mass and thus in underestimation of
undernutrition.
Because about 10% to 25% of patients undergoing car-
diac surgery either are or become undernourished, resulting
in a higher risk of postoperative complications, prolonged
admissions, and less quality of life,5,19 care should be
taken that their preoperative and postoperative nutritional
statuses are the best possible. Supplementation of essential
amino acids increases lean body mass, muscle strength,
and physical condition by stimulating muscle protein
synthesis and improves postoperative outcome.20,21 In
general, 10 to 14 days of preoperative nutritional support1268 The Journal of Thoracic and Cardiovascular Surimproves postoperative outcome in the undernourished
patient.22 Because the majority of patients undergoing elec-
tive cardiac surgery have to wait for at least 14 days, nutri-
tional treatment to improve insufficient preoperative
nutritional reserve could easily be started in the period be-
fore the operation. Moreover, nutritional support to increase
muscle protein synthesis seems most effective in combina-
tion with physical exercise.23 In the setting of cardiac reha-
bilitation and in elderly patients, early resistance training
has been shown to be safe and of additional value to aerobic
regimens to increase muscle strength and mass, clinical sta-
tus, exercise capacity, and quality of life.24,25 We therefore
suggest studying the effect of a program that focuses on
resistance muscle training combined with nutritional
interventions to overcome the cardiac surgery–induced
catabolic response. This program should be started
preoperatively, restarted in the early postoperative phase,
and continued in the long term. For effective identification
and thereby treatment of preoperatively undernourished
cardiac surgical patients, we advocate, especially for high-
risk patients, themeasurement of FFMI in addition to the tra-
ditional method of assessing nutritional status with BMI and
recent weight loss only, although whether BIS or dual-
energy x-ray absorptiometry is the instrument of choice
for measurement of FFMI is still the subject of debate.13
As a result of implementing FFMI measurement, recovery
rates after cardiac surgery might be improved.
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